Bacterial wilt caused by Ralstonia solanacearum E.F. Smith is one of the destructive diseases of solanaceous vegetables specially tomato (Lycopersicon esculentum L.) and eggplant (Solanum melongena L.). Experiments were conducted to determine biovar types existing among the strains or isolates of Nepal and variation in virulence in some vegetables belonging to solanaceae family. A total of 39 isolates infecting tomato, eggplant, chilli and potato collected from different parts of Nepal were analyzed for biovar types on the basis of 3 disaccharides and 3 hexose alcohols oxidation test. Experiments were conducted to determine variation in virulence or aggressiveness of some of the isolates under screen house conditions using three host differentials such as Pusa Ruby (susceptible), Bishesh (moderately resistant) and Srijana (resistant) tomato cultivars. Of the 39 isolates, 23 were biovar III, three biovar II, three biovar IV, and one was biovar I. Nine isolates could not be differentiated into any of the five biovars. For breeding and epidemiological purposes it is very important to analyze the variability of aggressiveness. A total of 5 isolates collected from different places were included in the test. Isolates from Bhaktapur was found the most virulent causing wilt in the variety Bishesh (moderately resistant). Other isolates had the negative impact with zero wilt on the differentials used. Isolates from Jungekhola of Dhading district did not induce wilt even on susceptible variety (Pusa Ruby), but exhibited only senescence reaction. The result indicated that there is some slight variation among the isolates tested. Some effective management tactics might be needed in those locations where highly aggressive or virulent strain of bacterial wilt is prevalent, because resistant variety may not be stable in such locations.
INTRODUCTION
Bacterial wilt caused by Ralstonia solanacearum E.F. Smith in tomato is widely distributed disease in the world. It is one of the limiting factors to successful cultivation of solanaceous vegetables throughout the world, especially in prevalent areas with warm and humid climate (Kelman 1953, Vawdrey and Gounder 1993) . In Nepal, bacterial wilt is prevalent in tarai, inner tarai and foot hill areas where tomato (Lycopersicon esculentum Mill.) , eggplant (Solanum melongena L.) and potato (Solanum tuberosum L.) are grown (Thapa and Manandhar, 1992) . The bacterial wilt seems to be the third most important disease in tomato after late blight and viral disease complex; while probably the first in eggplant. In tomato crop, it was first recorded in 1978 (Shrestha 1990 ). The disease is not observed as a problem in winter tomato production in tarai, because of low air temperature and high soil moisture thereby (Timila et al 1997) . The incidence of wilt in tomato and potato was reported to be as high as 100% and 70% (Adhikari et al 1993) respectively. In some locations, more than 80% disease incidence was observed in tomato whereas up to 40% in eggplant (Timila et al 1997) . Thus, the wilt disease is location and strain specific with environmental conditions. Bacterial wilt is a difficult disease to control. Once established in a field it is more challenging to control this pathogen, because of wide host range (covering more than 44 plant families) and ability to survive in the soil for long time with vast genetic variability of the pathogen (Hayward 1991) . The primary source of inoculum for the occurrence and spread of the disease is considered to be infested soil, plant debris, weed hosts, seeds, vegetative propagative materials, contaminated water and farm tools (IPDN 2014) . Although different biovars and virulent strains of R. solanacearum cause most economic wilt disease for the vegetables belonging to solanaceae family, however, much information on these has yet to be documented, classified and managed to control them. Therefore, in present work we aimed to determine variability in virulence of R. solanacearum, biovars and their distribution in Nepal.
MATERIALS AND METHODS

Biovar differentiation
Ralstonia solanacearum from wilted plants of tomato, eggplant, chilli, and potato collected from different locations of Nepal were isolated in Tetrazolium chloride (TZC) medium (Casamino acid 1.0g, Bacto-peptone 10.0g, Dextrose 5.0g, Agar 15.0g, Distilled water 1 liter). The colonies in the medium appeared fluidal white with pink centers. Such a typical single colony from each isolate was multiplied or cultured on 523-medium (MgSO 4 . 7H2O 0.3 g, K 2 HPO 4 2 g, Yeast extract 4 g, Casein hydrolysate 8 g, Sucrose 10 g, Agar 18 g and Distilled water 1 liter) as described by Asian Vegetable Development and Research Center (AVRDC 1992). Biovar determination was done on the basis of carbon source utilization with disaccharides and hexose alcohols. A total of 39 isolates were subjected for biovar differentiation using Hayward's medium (Hayward,1964) : (NH 4 H 2 PO 4 1.0g, KCL 0.2g, MgSo 4 .7H 2 O 0.2g, Peptone 1.0 g, Bromothymol blue 10.2 ml, Distilled water 1 L) as basal medium supplemented with 10% six different carbon sources in disaccharides and hexose alcohols (cellobiose, lactose, maltose, dulcitol, mannitol and sorbitol) in two lots. A drop of turbid suspension of each isolate was inoculated in the basal medium supplemented with disaccharides or hexose alcohols in duplicate sets. The basal medium without disaccharides served as the control. The inoculated tubes with different isolates were incubated at 28°C. Observation was taken for the change in colour of the medium from olive green to yellow and continued for two weeks. Change in colour to yellow indicates the positive reaction that is utilization of carbon source as given in the following table. The test was conducted in two replications. And some of the isolates were tested repeatedly. 
Variability in virulence
In the experiment, the tomato differential host plants used were three tomato varieties, Pusa Ruby (susceptible), Bishesh (Makis) (moderately resistant) and Srijana (the resistant). Under screen house conditions, seedlings were raised by direct sowing in 3 inch plastic pots using steam sterilized soil. Only one seedling per pot was maintained. For each strain of the bacterium, 12 seedlings were used.
Five isolates of R solanacearum (RS) from tomato and eggplant collected from different locations were isolated and used in the study. Isolation, multiplication and storage of RS were done as mentioned above in biovar differentiation. For reviving, the isolates were streaked in TZC medium separately and incubated at 28 o C for 48 hours for single colony development. Then a single colony was multiplied in 523-medium as mentioned above. After 24 hours, bacterial mass of each isolate was suspended in sterile distilled water and the concentration was estimated at OD 600 =0.300 (1 x 10 8) colony forming units per ml for inoculation.
Inoculation was done on six weeks old seedling. Before inoculation one time watering was skipped to reduce moisture in pots. Root system of each seedling was injured with a sharp knife inserting through the soil at one side of the seedling so as to wound the root to facilitate bacterial entry. Inoculation of each RS isolate in each host differential (variety) was done by pouring 30 ml of bacterial suspension at the base of each seedling. Watering was done normally the next day.
Wilt incidence percent was determined by counting the number of infected plants against total number of plants of each variety and for each bacterial strain. Evaluation was started by recording wilted plants at 3, 6, 9, 12 and 15 days after inoculation.
RESULTS
Biovar Differentiation and Distribution
Based on the ability of oxidizing disaccharides and hexose alcohol test, isolates were grouped into different biovars. Out of the 39 isolates collected from different solanaceous vegetable crops, 23 were identified as biovar III, three were as biovar II, three as biovar IV and one as biovar I. Nine isolates could not be differentiated into any of the five biovars in oxidizing hexose alcohols according to biovar differentiation norms (Figure 1 ). Òf the 9 isolates, three tomato isolates from Charaali, Jhapa, Rampur, Chitwan and Dhulikhel, Kavrepalanchowk district did not oxidize dulcitol. One from Mahadev Besi of Kavrepalanchok district oxidized only sorbitol. Some of the isolates were found oxidizing only mannitol (Table 1 , 2). The results indicated the prevalence of biovar I and IV also in Nepal. However, most of the isolates infecting tomato and eggplant were biovar III. Biovar II of tomato isolates were from Lele and Dhulikhel where potato is widely cultivated. This biovar II isolate was recorded from Lele in grafted tomato in wild eggplant (Solanum sisymbriifolium Lam.) which is used as resistant root stock against bacterial wilt. According to He et al (1983) , the strains from mulberry do not oxidize dulcitol and sorbitol, thus grouped as biovar V. Similarly, the isolate from chilli from Charaali, Jhapa and potato from Nala, Kavrepalanchowk oxidized only mannitol (Table 2) . These indicate that collection of more isolates and testing them for biovar separation are necessary.
Variability in Virulence
The data presented in Table 3 showed variable reactions to wilt by different isolates in the most susceptible variety, Pusa Ruby. Wilting started in Pusa Ruby three days after inoculation with isolate from Bhaktapur. With the same isolate, wilting started in moderately resistant variety, Bishesh, 6 days after inoculation and induced up to 33% wilt incidence. The other isolates such as isolate from Gongabu, Kathmandu and Dharke, Dhading, induced wilting in Pusa Ruby after a week of inoculation. The disease progressed to 100% by Bhaktapur isolate. The rate of disease progress remained stable in Bishesh variety by Bhaktapur isolate after 6 days of inoculation (Figure 2) , whereas, the disease progressed to 83% and 67% by Gongabu (Kathmandu district) and Dharke (Dhading district) isolates, respectively (Table 3) . The isolates from Jungekhola and Lele did not induce disease even in susceptible variety; Pusa Ruby but showed only senescing reaction. None of the test isolates induced wilt in Srijana variety. Slight variation in virulence in inducing wilt was found with different isolates. 
DISCUSSION
Strains of R. solanacearum have been grouped into five races based on host plants susceptibility and biovar classification such as Race 1 biovar 1, 3, 4; race 2 biovar 1; race 3 biovar 2; race 4 biovar 3, 4 and race 5 biovar 5 with specific geographic distribution (Denny and Hayward 2001) . In Nepal, Race 1, biovar III in tomato/eggplant and, biovar IV in chilli/ tomato crops and Race 3 biovar II in potato are the prevalent strains of R. solanacearum (Timila and Shrestha 2001 , Shrestha 1977 , Timila et al 1997 , Adhikari et al 1997 . In recent years, based on DNA sequence analysis, R. solanacearum species complex has been divided into four phylotypes, phylotype I to IV originated in Asia, America, Africa, and Indonesia respectively (IPDN, 2014) . Concerning the degree of disease incidence and severity induced by R. solanacearum, it is related to its degree of virulence. Wilt incidence and degree of severity of the disease could be affected by temperature as mentioned by Mew and Ho (1976) . However, during experimental period, temperature was ranged from 28 o -30 o C, which is ideal for the growth of the given pathogen and disease development. Bhaktapur isolate (Katunje location) was the aggressive isolate and caused the disease up to 33% incidence in moderately resistant variety (Bishesh). Previously, Timila (2008) reported the existence of variation in aggressiveness of the isolates from tomato. The highly aggressive strain/isolate from western Nepal (Myagdi) caused the wilt in resistant variety (L 986).Less aggressiveness of R. solanacearum strains on tomato is more related to have slower multiplication rate rather than upward movement of bacteria in the plant (Wang et al 2005) . Bacterial wilt disease was lowered as the seedling age increased (Timila 2005) . Since older plants are less susceptible to wilt than younger ones or the infection could be latent in older plants (Tung et al 1990) . In present study, one of the reasons of lower wilt incidence or lesser virulent expression of the tested isolates could be due to over aged seedlings during inoculation as compared to normal seedlings of 4-5 weeks. Virulence differences among pathogen strains can cause instability in host resistance although other biotic and abiotic factors also affect host resistance (Hayward 1991) . The virulence of the strain is related to its aggressiveness on the susceptible cultivar. Among the races of R. solanacearum, race 1 is the most diverse group and a large variation in both genotypes and aggressiveness has been observed in several race 1 populations (Prior et al 1990 , Hayward 1991 . Aggressiveness of the strain is highly concerned with the management of bacterial wilt. Degree of aggressiveness plays an important role in breeding and epidemiology of the disease (Darrasse et al 1997) as well as its understanding has implications in the development of management strategies. The least aggressive strain affects least on the resistant cultivar (AVRDC 1991). It is quite obvious that the bacterial wilt disease in tomato is continuing to be important in tomato growing areas of Nepal. Since the wilt pathogen is soil borne thus, it is very difficult to control. Currently, in Nepal, wide adoption of cultivation of Srijana variety (resistant F1) by the farmers has lowered bacterial wilt disease in most of the tomato cultivating areas. The use of resistant varieties is one of the best method of bacterial wilt control, but resistance can vary among different geographic locations depending on the virulence of the bacterial strain present (Kelman and Person 1961) . Location specific nature of resistance to bacterial wilt could be due to difference in the aggressiveness of the pathogen strains, climate and soil characteristics present in the location (Wang et al 1997) . Therefore, a single method will not be effective in controlling bacterial wilt in tomato (Hartman 1992) . Hence, in association with the use of resistant variety, a number of other management tactics might be needed in those locations where highly aggressive strain of bacterium is prevalent, because resistant variety may not be stable for long in such locations. Due to the variation in virulence of the bacterial wilt pathogen, the programs for improvement of tomatoes for resistance to bacterial wilt should include all groups of strains prevalent in the given area (Prior et al 1990) . 
